amalgam whenever possible, and environmental protection from dental materials use, including, obviously, impacts from Hg. A new general-purpose restorative material is needed as an amalgam alternative. This transition is reviewed from the point of view of international efforts at prevention, coordination of Hg management with a UNEP treaty, concern for adverse reactions from any treatments, and best-management practices with economic impacts in practice for diminishing amalgam use.
Global PersPective on Dental caries, Prevention, anD treatment
Dental caries affects about 60% to 90% of schoolchildren and the majority of adult people around the globe (Petersen, 2008) . The disease is a major cause of pain or discomfort, and poor dental conditions considerably impair oral functioning and quality of life. Ultimately, severe loss of natural teeth affects nutrition because of the individual's inability to chew foods properly and imposes a burden on both the individual and society. Analysis of data available in the WHO Global Oral Health Data Bank (WHO, 2011) indicates that the proportion of teeth with untreated caries is high among children in most countries, while among adults, dental caries appears to result in tooth extraction. Universally, the burden of disease is high among poor and disadvantaged people compared with that in wealthy population groups (Petersen, 2005) . For the vast majority of countries, the amount of untreated dental caries (dt/DT) contributes significantly to the total caries experience, as measured by the dmft and DMFT (decayed, missing, filled teeth; small and capital letters indicate deciduous and permanent teeth, respectively) indices. This pattern is documented for most countries within each of the WHO Regions, and selected data for those standard age groups, as recommended by WHO, can be seen in Fig. 1 .
Over the past 2 decades or so, dental caries has declined considerably in certain developed countries, while the disease now escalates rapidly in developing countries (Petersen, 2003 (Petersen, , 2008 . Marked differences exist between developed and developing countries, although not all developed countries show the same underlying factors. Oral disease prevention in developed countries has been implemented as part of public health programs. Several of these countries have established automatic fluoridation systems. Fluoride administration through water, salt abstract During the past 50 years, a series of key UN conferences have established a framework to minimize human health risks from environmental exposures to key chemicals. In January 2013, more than 140 countries agreed to the text of new treaty to minimize Hg effects on the environment (the Minamata Convention). Dental caries is omnipresent around the globe, affecting 60% to 90% of school children and most adults, and producing discomfort that affects quality of life. Dental amalgam is frequently used to treat carious lesions and its use releases mercury into the environment. The best way to avoid the use of dental amalgam is to emphasize caries prevention. Alternatives to amalgam are suitable in some applications, but no replacement for amalgam has been found for large posterior restorations. For any restorative material, safety and environmental impacts are part of clinical risk assessment. Safety is freedom from unacceptable risks. Risk is a combination of probability of exposure and severity of harm. Best management practices are crucial to manage dental amalgam, but these impose additional that are disproportionately more for developing countries. The Minamata Convention seeks a phase-out of all mercury-based products except dental amalgam, where a phase-down is the present goal. For dentistry, the most important focus is the promotion of caries prevention and research on new materials. t he challenges for dentistry associated with better management of mercury (Hg) involve efforts to reduce or prevent dental caries, substitution of new or other materials for dental s. bayne 1 *, P.e. Petersen 2 , D. Piper 3 , G. schmalz 4 , and D. meyer 5 or milk, and fluoride-containing toothpaste is now readily available. Additional important factors are improved living conditions, adoption of healthy lifestyles, and regular use of preventive oral health services. In developing countries, however, dietary practices are changing dramatically; in particular, the consumption of sugars has increased (WHO, 2003; Moynihan and Petersen, 2004) . Some of these countries are implementing preventive programs and changing their caries indices.
There is a tremendous need for "prevention of dental caries," and consideration should be given to the fact that tooth extraction equals failure. Efficiency of dental caries prevention methods has been substantiated in several countries around the world. However, despite this knowledge, not all countries have or will implement such public health programs in the near future. Many people who have suffered from dental caries need their teeth restored to normal function. Failure to do this will undoubtedly result in loss of teeth. Oral health promotion programs do not exist in many countries, and oral health services may provide only emergency care aimed at the relief of pain. Such care leads mostly to tooth extraction, which is a simpler and less expensive form of treatment. Cultural beliefs and traditions are factors that may strongly affect the acceptability of services, and in several countries there are insufficient numbers of oral health professionals to provide care to the population.
Many people around the world need to have their decayed teeth restored to normal function. Countries that provide restorative services usually prefer materials that are safe, effective, available, easy to use, and long-lasting. Dental amalgam has been used for dental restoration over the past 150 years and is considered to be safe. Meanwhile, over the past 10 years or so, the awareness and recognition of the environmental implications of mercury have increased, and dentistry as a source of environmental contamination has gained further attention.
Alternative restorative materials are obtainable in developed countries, but controversy regarding the longevity of restorations, especially in high-load-bearing areas in posterior teeth, combined with availability and cost, is a decisive factor for the utilization of alternative restorative materials in a large scale in public health programs. In countries where third-party payment schemes exist, procedures made with alternative materials may not be eligible for equal reimbursement through public or private insurance systems. Resin-based and glass-ionomer materials, or combinations thereof, are found in some countries but are not used widely, and some practitioners consider them as temporary procedures. The rationale is that their quality is not as good as that of dental amalgam. Therefore, many challenges are faced by developing countries in providing adequate health care services to populations, and the choice of materials for dental restoration is limited. The challenge to the research community and industry, therefore, is to develop safe materials that are of good quality, easy to use, long-lasting, and with little or no severe impact on the environment, all at a reasonable cost. It is critical that, in the development plan, public health be taken into consideration. As the specialized agency responsible for health, WHO should be able to advise member countries on the best courses of action to provide satisfactory health care services to the population, with the ultimate goal of maintaining and improving oral health. Educational institutions have the responsibility of educating future oral health care providers and training health professionals on alternative restorative materials, and of encouraging third-party payment providers to include reimbursement for procedures that include alternative dental materials.
Strengthening disease prevention and health promotion is the pivotal approach for reducing the need for restorative care. Choices of dental restorative materials depend on several factors, including lesion size, lesion location, tooth type, resistance to wear, and durability. The meeting recognized needs for strengthening research into long-term performance, possible adverse effects, and viability of alternative materials. Moreover, the appropriate infrastructure for the delivery of optimal dental care and effective distribution systems relevant to the use of dental materials remain important challenges to developing countries. Notably, some countries require systems for waste management to prevent the release of mercury into the environment. The WHO meeting suggested essential research strategies for new, quality materials for dental restorations to be developed and to become available for public health care. To this end, the International Association for Dental Research is a vital partner to WHO in serving Member States with information on evidence-based dental care around the globe.
The WHO Global Oral Health Programme has disseminated evidence-based information about restorative dental care to its member states, and recommendations have been made for the utilization of best management practices to handle amalgam waste (WHO 2010). However, essential equipment such as amalgam separators is seldom available in developing countries, and recycling programs or facilities are either limited or nonexistent in these countries, making best management practices difficult to implement. These challenges continue to be investigated from both the recapture and recycling points of view. Currently, there is a project in Brazil for mercury recovery that decreases the processing time and produces mercury at a high level of purity (Iano et al., 2008) .
In response to initiatives on mercury reduction and the request from Member States for guidance on dental care, the World Health Organization (WHO), in cooperation with the United Nations Environment Programme (UNEP), organized a technical consultation in Geneva in 2009 (WHO, 2010) to discuss the implications of the use of dental restorative materials. The overall aim of the meeting was to assess the scientific evidence available on the use of dental restorative materials, particularly the potential use of restorative alternatives to dental amalgam. Dental care and cost implications were discussed with special reference to the situation in developing countries.
revieW oF the DeveloPment oF Global Policy on mercury
Over the past 40 years, and in response to the UN Conference on the Human Environment held in Stockholm in 1972, the Earth Summit held in Rio in 1992, and the World Summit on Sustainable Development held in Johannesburg in 2002, the international community has developed a framework of legislation to minimize the risks to human health and the environment from exposure to chemicals of particular concern.
Some of the international treaties now in place seek to eliminate the production, use, trade, and release of particular chemicals and chemical groups, while others seek to regulate particular stages in the life-cycle of wider groups of substances (Fig. 2) . The Montreal Protocol on Substances that Deplete the Ozone Layer (Ozone Secretariat, 2011) Each of these agreements, negotiated by governments, is now in force, and most governments have become parties and accepted legal obligations at the national level to implement the control measures set out in the treaties. Governments have also accepted legal obligations under the International Health Regulations (WHO, 2008) and may be parties to conventions of the International Labour Organization governing occupational health and work place safety (International Labour Organization, 2013) . In 2006, governments adopted the Strategic Approach to International Chemicals Management (SAICM) to provide an overarching policy framework for the sound management of chemicals.
Most recently, in January 2013, more than 140 governments agreed to the text of a new treaty that seeks to phase out or minimize human use of mercury and avoid its release into the environment from human activity (Fig. 3) . The Minamata Convention on Mercury (United Nations Environment Programme, 2013a) is to be approved at a diplomatic conference in October 2013, when high-level representatives will meet in Japan to sign the accord to indicate the intention of their governments to ratify the treaty. When 50 countries have ratified, it is expected to be adopted in October 2013, and to enter into force in about 3 years' time.
Agreement on the treaty follows many years of assessment of the impacts of human use of mercury. While the adverse effects of mercury on human health have long been known, scientific evidence of its impact on the environment has been building steadily. There is now good evidence of the behavior of mercury in environmental media -the air, water, and soils (UNEP and AMAP, 2013) . Well-constrained models highlight its ability to be transported long distances from its release, to transfer repeatedly between environmental media, to be transformed from less toxic metallic forms into highly toxic methyl-mercury, and to bio-accumulate, particularly through the marine food webs, ultimately in humans through food.
The recently published UNEP Global Mercury Assessment (UNEP, 2013b) ( Fig. 4) estimates that, in 2010, global emissions of mercury to air from anthropogenic sources amounted to 1,960 tons. The Assessment also estimates anthropogenic releases of mercury to water of at least a further 1,000 tons. The Assessment notes that while mercury is also emitted from natural sources such as volcanoes, anthropogenic emissions have exceeded natural emissions since the start of the industrial age, about 200 years ago, so that the bulk of mercury circulating in the environment is likely to be from human activity.
The Assessment also provides estimates of emissions from key sectors. Approximately half of estimated emissions result from the presence of mercury as a trace contaminant in coal, non-ferrous metal ores, and limestone. Mercury is emitted when these rocks and minerals are processed -burning coal to generate electrical power, smelting ore to produce metals, and calcining limestone to make cement. The remainder of estimated emissions results from the intentional use of mercury in a variety of processes and products, most notably in artisanal and small-scale gold mining, where mercury is added to the ore or concentrate to 'collect' any gold into an amalgam that is then heated to drive off the mercury, leaving the gold. This is particularly difficult to manage in developing countries where this type of industry may be the principal source of employment. In industry, mercury finds use as a catalyst or electrode and may be emitted during operations or released from badly managed stocks.
An estimated 1,000 to 1,500 metric tonnes per year of mercury are used in the manufacture of a range of products, including particular forms of batteries, fluorescent lighting, switches and relays, medical devices, and dental amalgam (UNEP, 2013c) . In most of these applications, mercury use is declining as market share is increasingly taken up by mercury-free alternatives that meet the same standards of performance and are readily available at equivalent prices. One final caution is that these are estimates only. It is difficult to obtain reliable data because Hg may be commercialized on the black market in many countries and hence is not available for measurement.
The text of the new Minamata Convention on Mercury reflects the availability of mercury-free alternatives in most applications by setting out, in Annex A, 2020 as the date by which mercurycontaining products must be phased out. However, governments recognized that the availability and cost of alternatives can vary widely, and that some states may have difficulties in meeting the phase-out date. In these circumstances, allowance is made for time-limited specific exemptions.
Dental amalgam accounts for about a quarter of total demand for mercury in products (UNEP, 2013b) . Recent analyses commissioned by the European Commission and others have highlighted that current pricing structures for dental amalgam do not factor in the negative externalities associated with its use -in particular; the costs arising from emissions and releases of mercury arising from inadequate management practices associated with dentistry.
Since 2009, UNEP and WHO have jointly promoted a phasedown approach to dental amalgam. The approach recognizes that while dental caries is avoidable and there should be emphasis on prevention, there is likely to be a long-term continuing need for dental restorative care, and that, while restorative materials alternative to amalgam are available and desirable, experiences with respect to dental care differ widely around the world, making it likely that amalgam will continue to be needed in many countries for some time to come. The report 'Future Use of Materials for Dental Restoration' (WHO, 2010), published by WHO in 2010 following an expert meeting convened by WHO and UNEP in 2009, sets out the phase-down approach and identifies roles and responsibilities of stakeholders in promoting it, including a strengthened research agenda to identify suitable alternative materials for dental restoration that avoid the use mercury and other hazardous materials.
During the negotiations, the challenges in eliminating the use of dental amalgam were identified, and negotiators decided to list it separately in Annex A of the treaty and to set out measures to be taken by parties to the convention to phase down its use (UNEP, 2013a) . No date for its prohibition from manufacture and trade was set.
Measures to be taken by a party in phasing down the use of dental amalgam need to take into account the domestic circumstances of parties to the convention as well as relevant international guidance. Parties are expected to take up measures that closely follow the UNEP-WHO approach and include all of the following:
• Setting national objectives toward dental caries prevention and health promotion, minimizing amalgam use and limiting use to its encapsulated form. • Promoting the use of cost-effective and clinically effective mercury-free alternatives. • Encouraging education and training of dental professionals and students on the use of mercury-free dental restoration alternatives and on best management practices. • Promoting research and development of quality mercury-free materials for dental restoration. • Discouraging insurance policies and programs that favor dental amalgam use over mercury-free dental restoration and encouraging those that favor the use of effective alternatives. • Promoting the use of best environmental practices in dental facilities to reduce releases of mercury and mercury compounds to water and land.
Thus, while the use of amalgam in dental restorations can continue, the dental profession and its supporting industries, working within parties to the Minamata Convention on Mercury, will need to consider their roles and responsibilities in taking up the phase-down measures set out in Annex A. This provides opportunities for innovation and the incorporation of best practices throughout dental care and at each stage in the 'life-cycle' of mercury use in dental amalgam.
human saFety oF current Dental restorative materials
Human safety evaluation must consider the release/exposure of substances from a dental material (a) into the oral cavity of the patient, (b) to dental personnel, and (c) into the environment. Furthermore, its uptake/transport, the biologic reactions comprising systemic and local reactions, allergies, and CMR (cancerogenic, mutagenic, reprotoxic reactions), and, finally, excretion must be considered (see Table) . In this work, only dental materials with widespread use are considered (i.e., materials for direct restorations, such as amalgam, resin-based composites, glass-ionomer cements, and their combinations). Understanding the risks requires defining the concentrations and times involved in exposures.
For amalgam, a great many national and international expert groups, installed by national and supranational governmental institutions in recent decades, have dealt with its biocompatibility, one of the latter being the EU (SCENIHR, 2008). It is generally accepted that mercury in different oxidation states is released from amalgam fillings. Uptake for metallic mercury (Hg 0 ) occurs mainly through the lungs, with only minor parts as Hg 2+ through the intestines. Ingested mercury in amalgam particles is virtually unabsorbed. Exposure is considered to be by far below the relevant limits set by WHO or other competent authorities (SCENIHR, 2008; Schmalz and Arenholt-Bindslev, 2009 ). Systemic biologic reactions (intoxications) are claimed, but at present the competent national and international authorities -after thorough evaluation of existing evidence -have not found these claims to be a reason to attest to dental amalgam as an unacceptable risk (SCENIHR, 2008; Schmalz and Arenholt-Bindslev, 2009 ). Allergies to mercury (and to amalgam), as well as local mucosal reactions, have been reported but the number of cases was rated low. Mercury is excreted via feces or urine (SCENIHR, 2008; Schmalz and Arenholt-Bindslev, 2009 ).
For resin-based composites, many different substances have been identified to be released to the liquid interface (saliva, dentin/pulp) (Schmalz and Arenholt-Bindslev, 2009 ), to ambient air in the dental setting (Marquardt et al., 2009) , and as smallscale (nano) particles during filling removal (Van Landuyt et al., 2012) . Mainly, monomers like HEMA, TEGDMA, or UDMA are released, but also Bis-GMA and Bis-DMA. Limited information is available on the uptake of these chemicals. Animal experiments showed uptake of TEGDMA and HEMA and their metabolism in the body. In this context, epoxy-intermediate 2, 3-epoxymethacrylic acid is formed, which is considered to be mutagenic (Schweikl et al., 2006; Durner et al., 2010) . Monomers like TEGDMA or HEMA also tested mutagenic in different in vitro test systems, with DNA oxidation and consecutive single-and double-strand breaks (Schweikl et al., 2006; Eckhardt et al., 2009) . The clinical consequences remain unclear.
Recently, the presence of bisphenol A (BPA) as part of the basic resin monomer Bis-GMA or (the more seldom-used) Bis-DMA has raised concerns about the release of BPA, which has estrogen-like effects. Available evidence shows that BPA is, under clinical conditions, not released from pure Bis-GMA. However, Bis-DMA is converted to BPA, e.g., by salivary esterases (Schmalz et al., 1999) . Furthermore, BPA may be detected as residues/impurities in Bis-GMA because it may be used during the fabrication of Bis-GMA. After placement of Bis-DMAcontaining fissure sealants, BPA could be detected immediately or shortly after placement in saliva and urine, and salivary samples were estrogenic in vitro. Virtually no effect was seen a day after placement (Schmalz et al., 1999; Joskow et al., 2006; Kingman et al., 2012) . Calculations of exposure levels showed that even after exposure to Bis-DMA-containing materials (fissure sealants), the amounts of BPA were below limit/reference values of classic toxicology. However, these levels are currently under discussion. Particulate aerosols are produced by the grinding and removal of resin-based composite fillings (Gioka et al., 2009; Kingman et al., 2012) , and they may act like estrogen (Gioka et al., 2009) . The clinical relevance and the possible environmental impact are unknown. Clearly known, however, are allergic reactions: Mainly type IV (cell-mediated) but also type I (immediate reaction, anaphylactic) reactions have been described, and dental personnel constitute a risk group (Schmalz and Arenholt-Bindslev, 2009 ).
Glass-ionomer cements release fluorides and aluminum ions. No systemic reactions and very few, if any, allergic reactions have been described when these are used as dental filling materials. Biological properties of various combinations of glassionomer cements and resin-based composites are determined mainly by their resin components (Schmalz and Arenholt-Bindslev, 2009) .
A gross overview of data from the literature has been reported for the different endpoints and for the different material groups (see e.g., SCENIHR, 2008; Schmalz and Arenholt-Bindslev, 2009 ). The Table shows that differences in the biocompatibility of the 3 material groups can be seen, but it is not possible to generally rank them from the most to the least toxic material. Fewer allergic reactions occur with (pure) glass-ionomer cements, but their mechanical properties are insufficient for more than one surface cavities (Frencken et al., 2012) . "Clinical risk evaluation" of dental materials is based on the concept that 'safety' is freedom from unacceptable risks and 'risk' is the combination of probability (frequency) and severity of harm (in general) (ISO 14971, 2010) . Epidemiological data on the frequency of adverse effects caused by dental materials are sparse, but estimates are low (< 0.1%) (Hensten-Pettersen, 1992) . For comparison, cosmetics have an adverse effect rate of 12% (Orton and Wilkinson, 2004) . In terms of severity, mainly allergies or local effects occur (SCENIHR, 2008; Schmalz and Arenholt-Bindslev, 2009 ). The EU report states: "All the materials are considered safe to use and they are all associated with very low rates of local adverse effects (… allergic reactions and an association with clinical features characteristic of lichen planus …) with no evidence of systemic disease" (SCENIHR, 2008) .
The longevity of a restoration is a relevant parameter as a benefit of dental restorative materials. In this respect, amalgam is still superior in large cavities and in difficult clinical situations. Resin-based composites are not replacements for amalgam in these situations. Glass-ionomer cements are useful only for one surface cavities (Class I). The risk-benefit analysis shows that dental materials on the market are generally acceptable but with different indications.
environmental saFety oF current restorative materials
There are ever-increasing concerns for protecting the environment from effects of manufacture, use, and disposal of materials. Dentistry is no different. A strong emphasis in developed countries during the past decade has been the collection and recycling of amalgam waste materials. The American Dental Association (ADA) has done considerable investigation and planning over the past 2 decades, not only for dental amalgam management but also for similar issues for other restorative materials. Technical issues regarding restorative materials affect much more than just simply those associated with restoration placement and service (see Fig. 5 ). Waste management includes concern for residual materials from use, disposal of packaging, chairside traps, vacuum pump filters, separators, plumbing, sewer systems, crematoria, and cemeteries, to mention just a few examples Calais et al., 1994; Letzel et al., 1997; Adegbembo et al., 2002; Fan et al., 2002; McManus and Fan, 2003; VanDeven and McGinnis, 2005; ANSI/ADA, 2006; Batchu et al., 2006; US EPA, 2010 , 2011 .
ADA's mission statement clearly emphasizes its roles as a trusted source for oral health information and for improving public health outcomes. During the past 10 years, the ADA has promoted the use of "best management practices" (BMPs) for all dental materials (ADA, 2003 (ADA, , 2007 . Currently, about 50% of all the Hg and derivatives entering the waste stream in the United States are from dentistry (US EPA, 2011) . Efforts to recapture Hg and derivatives within the dental office have included a range of chairside filters and separators on waste water lines (Fan et al., 2002; Chou and Anglen, 2012) , which reclaim greater than 99% of those materials. The first product standard for separators was introduced in 1999 (Technical Committee ISO/TC 106, 1999) . The latest standard is ISO 11143 (2008) . Most products are very efficient and include approaches based on sedimentation, centrifugation, filtration, and absorption. ADA's Professional Product Review (2012) reported evaluations of all current recapture systems and compared the space, electricity, recycling paths, and lifecycle costs. There are significant costs for putting these systems in place due to existing limitations or challenges within dental offices, such as space, utility requirements, building constraints, local regulations, ease of maintenance and replacement, effects on existing suction systems, and available recycling options. The dental amalgam sellers and distributors have now become partners in this process, volunteering or contracting to manage much of the recycling of amalgam waste.
Dentistry contributed only about 0.4 ton of Hg or derivatives to the environment in 2004 (VanDeven and McGinnis, 2005) . Adding a Hg separator to every dental office is estimated to reduce that environmental load by 0.1 ton (US EPA, 2010). Therefore, this approach alone is not the final solution for Hg management.
Exposure levels for patients are incredibly low, and Hg is actively excreted with the Hg from other normal air, water, and food exposures. Dentists who work with amalgam day-by-day have exposure levels actually lower than those of their patients.
Waste management is still challenging for developing countries and imposes an added cost for health care. Of course, prevention makes economic sense as well, and this should be stressed throughout any planning. Foremost, our goal is the promotion of health and prevention of disease, not simply the defense of dental amalgam.
Other materials have been proposed as alternatives for various applications, such as, for example, glass ionomers. Atraumatic restorative technique (ART) materials utilize glass ionomers for short-term applications to control caries and allow for patients to visit regular dental offices or care facilities. However, this material is not for use as a true amalgam substitute. Drawbacks associated with the reduced use of dental amalgam include considerations of longevity, financial costs, and technical challenges for alternative materials. In most cases, these affect developing regions more than first-world areas.
Environmental protection is the key part of this discussion. Intertwined into the current discussion for years has been the defense of dental amalgam against anti-amalgamists and their misinformation campaigns. This "emotional toxicology" has been rampant for the past 30 years in the United States. Decreasing use of dental amalgam in most developed regions has been driven mostly by preferences for adhesive dentistry and aesthetic restorations. Thus far, those options do not provide the amalgam alternative that would also offer improved performance and longevity. That is why the current discussion of potential options is so important.
Discussion
Caries continues to be a huge public health problem affecting schoolchildren and many adults in all regions. Its ravages create a major public health cost. We must focus on prevention. Dental amalgam has been a major restorative tool for management of the disease in the short term. No restorative materials have the longer term performance that we seek. UNEP INC in recent times has tried to deal globally with the fact that Hg and its derivatives are the greatest environmental threat on the planet. Via a series of conferences, a new treaty is now proposed for adoption and signing (2013, Minamata Convention) that will document the commitments of regions to phase down amalgam use and work to contain all Hg impact from all industries, including dentistry.
The correct term for the process being discussed as part of the UNEP INC treaty is 'phase-down'. While some regions will phase out amalgam entirely, the goal is to decrease the need and use of dental amalgam as much as possible, but that will depend on the individual treaty signers. There already has been decreasing use of amalgam for many years in dental practices in firstworld regions due to advances in adhesive dentistry, but everyone is still waiting for a true amalgam substitute to be developed.
One of the more contentious discussions is about the relative impact of different users of Hg and their environmental impacts. About 20% of all use is for gold extraction associated with artisanal gold mining. In that context, the effects of dental uses seem small. However, all users must focus on reductions in Hg impact. The threat and challenge are the most important for our environment. At the same time, there are always political considerations. In the case of compact fluorescent lamps, for example, some temporary allowance has been granted for the trade-off in lower energy consumption associated with that application.
Safety of dental restorative materials includes concerns beyond those for dental amalgam. There is still much that is either unknown or undocumented. However, despite worries about the biological activities of components of restorative materials, they have been very successful and trouble-free when managed properly. It is important to emphasize that 'safety" is freedom from unacceptable risk and not the absence of risk.
Risks go beyond those for the patient and the office personnel. Risks involve the entire path, from manufacturer, packing, distribution, delivery and storage, use, residual materials disposal, recapture of spent materials, and recycling. All of these have an impact on the global environment. Reduction in global risk demands emphasis on prevention, expanded efforts on bestmanagement practices, and development of alternative restorative approaches to provide longer-term service.
summary Dental amalgam should be phased-down throughout the world. Alternative restorative materials with improved properties are needed for the future. A coordinated world-wide approach to research and funding for those materials is needed. Foremost, restorative dentistry must strongly promote the prevention of dental caries to reduce the need for restorative materials and emphasize the best management practices for all materials in use. 
